Intramolecular cleavage of LexA and phage lambda repressors: dependence of kinetics on repressor concentration, pH, temperature, and solvent.
LexA repressor of Escherichia coli and phage lambda repressor are inactivated in vivo and in vitro by specific cleavage of an Ala-Gly peptide bond in reactions requiring RecA protein. At mildly alkaline pH, the in vitro cleavage reaction also proceeds spontaneously, suggesting that peptide bond hydrolysis is an activity of the repressors rather than of RecA. The spontaneous cleavage reaction, termed "autodigestion", has been characterized for the LexA and lambda repressors. The results show that the reaction is intramolecular. The rate of LexA autodigestion was studied over the pH range 7.15-11.77 and over the temperature range 4-46 degrees C. The logarithm of the rate constant increased linearly with pH and reached a plateau value (2.5 X 10(-3) s-1 at 37 degrees C) at pH above 10. The data closely followed a model in which a single residue side chain (apparent pK = 9.8 at 37 degrees C) must be deprotonated for the protein to show activity. Analysis of the temperature dependence gave the heat of proton dissociation as 19.9 kcal/mol and the heat of activation for hydrolysis as 15.3 kcal/mol at 25 degrees C. Autodigestion of lambda repressor, studied over the pH range 8.65-10.70 at 37 degrees C, was similar to the LexA reaction in its pH dependence, yielding a pK of 9.8. The maximum rate at 37 degrees C for lambda repressor, 6.1 X 10(-5) s-1, was 40 times slower than for LexA, a difference similar to that previously observed in vivo and in vitro for RecA-dependent cleavage reactions. There was no significant solvent deuterium isotope effect on the autodigestion of LexA. Changes in buffer composition, including high concentrations of glycine for lambda repressor and of imidazole or hydroxylamine for LexA, indicated that solvent components other than water do not participate in the rate-determining step. Removal or addition of metal ions did not significantly affect LexA autodigestion. These and other observations suggest that the deprotonated form of an amino acid side chain plays a central role in the chemistry of the cleavage reaction. The above observations establish repressor autodigestion as a member of an emerging set of biologically important self-processing reactions.